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INTRODUCTION 

It i s  customary t o  u s e  a thermogravimetric ana lyzer  (TGA) t o  determine the 

k i n e t i c  parameters dur ing  c o a l  decomposition. Seve ra l  workers [l-31 have 

however, shown t h a t  a d i f f e r e n t i a l  thermal ana lyze r  (DTA) which i s  used t o  

monitor t h e  change i n  en tha lpy  [ 4 ]  du r ing  decomposition can a l s o  be used t o  

eva lua te  t h e  exper imenta l  a c t i v a t i o n  energy E ,  t h e  o rde r  of r e a c t i o n  and t h e  

pre-exponential  f a c t o r .  This  work compares r e s u l t s  obtained us ing  a DTA t o  

those  obta ined  us ing  a TGA. For t h e  purpose of s t a t i s t i c a l  eva lua t ion  of t h e  

var iance  r e s u l t i n g  from us ing  t h e  two methods, t h e  e f f e c t  of a d d i t i v e s  was a l s o  

included. 

THEORETICAL 

The r a t e  of c o a l  d e v o l a t i l i z a t i o n  may be represented  a s  fo l lows  [4-61: 

dC 
= A(l-C)nexp[-E/RT] (1) 

where dC/dt i s  t h e  r a t e  of r e a c t i o n ,  C i s  t h e  f r a c t i o n  reac ted  (0 S C 5 1) .  A i s  

the  pre-exponential  f a c t o r ,  n i s  t h e  o rde r  of r e a c t i o n ,  E is  t h e  a c t i v a t i o n  

energy, R i s  the  gas  cons t an t  and T i s  t h e  abso lu te  temperature.  

be rearranged and modified t o  inco rpora t e  t h e  hea t ing  r a t e ,  dT/dt:  

Equation 1 can 

loge[ (dC/d t ) /  (l-C)"]=loge [A/(dT/dt)]-(E/RT) (2) 

A p l o t  of t h e  l e f t  hand s i d e  of equa t ion  (2) v s  (1/T) f o r  va r ious  assumed va lues  
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of n provides a number of curves.  

r e s u l t s  f a l l  along a s t r a i g h t  l i n e .  

The k i n e t i c  parameters a r e  obta ined  when the  

A number of such curves  a r e  shown i n  
( 

, Figures  1 and 2 .  However, t h e  va lues  of n and E shown i n  Table 1 were machine 

computed. The assumed va lues  of n were increased  from 0 t o  2 i n  f r a c t i o n s  of 

ten .  I n  DTA work C i s  t h e  r a t i o  of t h e  r e a c t i o n  en tha lpy  of t h e  sample a t  given 

temperature d iv ided  by t h e  t o t a l  sample en tha lpy ,  and i s  t h e r e f o r e  obta ined  by 

d iv id ing  the  a r e a  under t h e  peak a t  t h i s  temperature by t h e  t o t a l  peak a r e a  [ l ]  

a s  i l l u s t r a t e d  i n  Figure 3. 

EXPER-IMENTAL 

1. Mater ia l  

A subbituminous coa l  (-270 and +320 U.S. mesh) w a s  used which was provided 

by the  I n s t i t u t e  of Mineral  Research a t  Michigan Technological Univers i ty .  

\ The p r o p e r t i e s  of t h e  c o a l  are given elsewhere [7-81. 

The gas  atmosphere was oxygen-free n i t rogen  and was provided by the  

Matheson Company. The flow rate was f ixed  a t  50ml/min a t  STP. 

The a d d i t i v e s  were group 1 A  metal  sa l ts ,  c e r t i f i e d  grade Li2C03 from 
! 

Research Organic / Inorganic  Chemical Corporations;  k CO (anhydrous) from 
2 3  

Fischer  Chemical Company; and Na2C03 (anhydrous) from J . T .  Baker Chemical 

Company. 

1 

2 .  Apparatus 

A DuPont D i f f e r e n t i a l  Thermal Analyzer wi th  a 1200°C was used. The 

DTA was opera ted  a t  a l i n e a r  hea t ing  r a t e  of 20" C/min. 

113 



RESULTS AND DISCUSSION 

Table 1 summarizes va lues  of E and n f o r  t h e  temperature range (523-92310 

obta ined  us ing  bo th  DTG and TGA, a s  w e l l  BS t h e  e f f e c t  of a l k a l i  metal  s a l t s .  

The corresponding va lues  o f  n and E obta ined  us ing  DTA and TGA (method 2 )  show 

l i t t l e  va r i ance .  Both methods a r e  s i m i l a r  i n  t h a t  t he  o rde r  of r e a c t i o n  i s  

determined by t r i a l  and e r r o r .  The b e t t e r  agreement of E va lues ,  ob ta ined  by 

DTA and method 1 (TGA) j s  i n t e r e s t i n g  cons ider ing  t h a t  i n  t h e  l a t t e r  procedure,  

n was assumed equal  t o  u n i t y  i n  equat ion  1. 

To determine t h e  s i g n i f i c a n c e  of t h e  observed v a r i a t i o n s  i n  t h e  va lues  of 

t h e  a c t i v a t i o n  energy r e s u l t i n g  from t h e  use  of d i f f e r e n t  ins t ruments ,  methods 

and metal s a l t s ,  t he  va r i ance  w a s  analyzed us ing  an Anaylsis of Variance Table 

(Table 2 ) .  On t h e  b a s i s  o f  t h e  F- ra t io  t e s t  i t  was poss ib l e  t o  conclude t h a t  t h e  

var iance  due t o  t h e  methods and ins t ruments  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

However, changing t h e  a d d i t i v e  type  produced a s i g n i f i c a n t  e f f e c t .  

The good agreement between corresponding va lues  of E and n may have been 

due t o  the  s i m i l a r i t y  of a DTA curve  and t h e  curve r ep resen t ing  the  r a t e  of 

conversion (dC/dt)  ob ta ined  us ing  a TGA [ 9 ] .  

t h e  maximum d i f f e r e n c e  tempera ture  AT 

same temperatures.  This  w a s  found t o  be the  case  (Table 3 ) ,  however, 

occurred a t  a s l i g h t l y  h igher  temperature.  

touching the sample ho lde r  which may have reduced t h e  a c t u a l  hea t ing  r a t e  of t he  

sample. This was not  expected t o  a f f e c t  t h e  measured peak temperature due t o  

t h e  smal l  r ad ius  of  t h e  sample [IO]. The shape of t he  sample holder  and loose  

packing i n  the  case  of t h e  TGA provided b e t t e r  contac t  between t h e  flowing gas  

and t h e  sample, which may have accounted f o r  t h e  occurence of (dC/dt)  a t  a 

lower temperature.  

Another f a c t o r  may have been t h a t  

and (dC/dt)max occurred a t  nea r ly  the  max i 

ATmax 

The thermocouple i n  DTA work w a s  

max 

Two o t h e r  DTA methods [ 2 , 3 ]  f o r  measuring E and n were a l s o  considered and 

found t o  be less a t t r a c t i v e  than t h e  method adopted i n  t h i s  work. Both involved 
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I 
measuring an i n f l e c t i o n  temperature,  T i ,  and t h e  temperature a t  which AT max 

occurred o f f  a DTA thermogram. 

p rec i s ion  would be low. 

very smooth. 

requi red  t o  eva lua te  E and t h e r e f o r e ,  t h e  r e s u l t s  would depend on t h e  hea t ing  

r a t e  combination used [5 ] .  

It was t h e r e f o r e  t o  be  expected t h a t  t h e  

This was e s p e c i a l l y  t r u e  when p l o t s  were smal l  o r  no t  

Also, i n  the  method proposed by Kiss inger  [2] two thermograms were 

CONCLUSIONS 

A DTA thermogram may b e  used t o  ob ta in  k i n e t i c  d a t a  given t h a t  t h e  va r i ance  

between DTA and TGA r e s u l t s  was s t a t i s t i c a l l y  i n s i g n i f i c a n t .  
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Table 1 

Kinetic Parameters: Influence of Method and Alkali Metal Salts 

Experimental TGA [ 7 ]  DTA 

Conditions Method 1 Method 2 

n n n 

Coal 1.0  50.922.3 0.5220.04 46.121.2 0.6 51.222.7 

Coal + Li co 1.0 35 .2 t3 .1  0.38tO.04 41.720.9 0 .4  39.622.2 

Coal + Na2C03 1.0 45.622.5 0.4420.04 43.121.1 0.5 46,622.6 

Coal + K2C03 1 .0  49.122.3 0.4820.04 45 .0 t1 .1  0 .5  50.422.6 

2 3  

E= KJ/mol ; n=order of reaction 

Table 2 

Analysis of  Variance Table (ANOVA) 

Source of Degree of Sum of Mean F-ration F-ratio 
Variation Freedom Squares Square (from table) 

F3,  6 , O .  95=4.76 

F2 ,  6 , O .  95=5.14 

Additive s 3 200.59 66.86 9.35 

Methods 2 17.88 8.94 1.25 

Error 6 42.89 7.15 

Total 11 261.36 

Table 3 

Furnace Temperatures at Which AT 

Experimental TGA [ 7 ]  DTA 

and (dm/dt)max Occurred max 

(dm/ d t ) max Conditions 

Coal 7 20K 753K 

Coal + Li2C03 698K 7 28K 

Coal + Na CO 708K 743K 

Coal + K2C03  713K 748K 

2 3  
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